Aubl. seedling production. Both seed germination and plant growth increased with vermicompost use. However, in studies conducted by Donald and Visser (1989) The bulk density, percentage of pore space, and water holding capacity increased as vermicompost content increased while the percentage of air space decreased. At 100 % vermicompost, water holding capacity and bulk density were greatest in vermicompost from sheep manure. Plants grown in mixtures of 50% vermicompost from sheep had a greater growth index at harvest, foliar area, number of flowers per pot, and dry weight and fewer days for flower development than plants grown in other substrates. Vermicompost from sheep manure added at 50% by volume was most effective as a substrate amendment for chrysanthemum production.
themums are largely leafy plants and naturally heavy feeders during their growing cycle. Most producers grow mums in soilless mixes, which include peat, pearlite, and vermiculite (Wang and Pokorny, 1989) . Of these, sphagnum peatmoss has been the dominant bulk material in substrates for potted plants for more than 30 years (Hansen et al., 1993) . For several decades, peat has been reported to be expensive, variable, and increasingly unavailable (Sanderson and Martin, 1974) . In addition, since the beginning of the 1990s, environmentalists have been pressing the horticulture industry to avoid its heavy use of peat as a growing substrate claiming that unique, lowland wetlands are being destroyed by the peat extraction procedure (Neal, 1991) .
Vermicompost is an alternative substrate that has been available for several years. Vermicomposting is the processing of organic Received for publication 12 July 2001. Accepted for publication 25 Feb. 2002 . This paper is a portion of the dissertation submitted by P. Hidalgo in partial fulfillment of the requirements for the PhD degree in Horticulture at Mississippi State Univ. We thank Yoder Bros. (Barberton, Ohio) for the donation of the plant material used in this research. Contribution of the Mississippi Agricultural and Forestry Experiment Station journal article no. J9885. Mention of trademark or proprietary product does not constitute a guarantee or warranty of the product and does not imply its approval to the exclusion of other products that may also be suitable. 'Graduate Research Assistant. E-mail address: biruaca@mail.usa.com 'Associate Professor. To whom reprint requests should be addressed. E-mail address: harkessre ra.msstate.edu wastes with earthworms. During this process, elements like N, P, K, and Ca present in the waste are released and converted, through microbial activity, into forms more soluble and available to plants than those present in the original waste (Edwards, personal communication, 1998) . Vermicompost chemical composition depends not only on the degree the worms have been working on the wastes but also on the composition of the initial organic waste (Handreck, 1986) . This process has been used extensively to transform agricultural waste into organic fertilizer. Orozco et al. (1996) allowed earthworms to work on coffee pulp wastes and found that vermicomposting increased available P, Ca, and Mg, decreased K, but had no effect on C and N availability from the initial material.
Earthworm compost has potential for horticultural use, particularly as a potted-plant substrate (Buchanan et al., 1988) . Tomar et al. (1998) grew Daucus carota L. in pots containing soil alone or with the addition of farmyard manure, or vermicompost and obtained the greatest yield when vermicompost was used. Kalembasa et al. (1 998) evaluated the effect of different sources of N (farmyard manure, ammonium nitrate, and vermicompost produced from waste activated sludge and from meat processing factory waste) and noted that
Ruphanus sativus L. (Radicula Group) and
Capsicum a n n u m L. var. annuum (Grossum Group) cultivated in pots produced greater yields when vermicompost was present. Ammonium nitrate also increased C. annuum yields but decreased R. sativus yields.
Vermicompost produced from the organic fraction of municipal solid waste was evaluated by Alves and Passoni (1997) (Edwards, 1988) . While cattle and horse manures used in this experiment had an average of 1.25 and 0.90 dS.m-' electrical conductivity (EC), respectively, sheep manure had 213.0 dS.m-' before leaching.
Five liters of manure and 170 g of mostly adult earthworms (~4 2 5 individuals) were placed in each 6897-cm3plastic container. The containers were placed in 60% shade to ensure optimum temperature and light for earthworm survival and growth (Edwards, 1988) . Each different manure was replicated 16 times for a total of 48 plastic containers used in the production of castings. Eisenia fetida are reported to consume their body weight inorganic wastes on a daily basis and were separated from the castings after 1 month (Riggle and Holmes, 1994) . To remain consistent in treatment, castings from horse, cattle, and sheep manure were separated from the worms after the same length of time. Due to differences in digestion between horse, cattle, and sheep, more undigested cellulose was present in the horse manure before being fed to the worms.
The 16 replications of each casting were combined then air-dried and passed through a 6-mm sieve to harvest ~9 0 % of the castings. (Cox, 2001) .
Every 2 weeks, leachate samples were collected from each pot 1 h after irrigation using the Virginia Tech pour-through technique (Wright, 1986; Wright et al., 1990) . Leachate pH and EC were measured using an Accumet Basic pH Meter (Fisher Scientific, Springfield, N.J.) and a YSI model 35 Conductance Meter (Yellow Springs Instruments, Yellow Springs, Ohio), respectively. At 4 and 10 weeks after planting (2 and 8 weeks after pinching), height (h) was measured for each pot from the substrate surface to the shoot apex of the tallest branch. Canopy width (wl) was measured across the side that appeared to be widest, the plant was turned 90°, and a second canopy width measurement (w2) was taken. Using these measurements, the growth index was calculated as:
(e.g., a volume estimate). Table 1 . Total elemental content of soilless substrates and vermicomposts from three manure types. At harvest, leaf area, days to harvest, flower number, substrate depth, and shoot dry weight were determined. Plants were harvested when at least 5 flowers in the pot showed petals at least 3 mm long. Total foliar area was determined using a portable area meter (model LI-3000; LI-COR, Lincoln, Nebr.). Substrate depth was measured from the bottom of the pot to the surface of the substrate. Shoot dry weight was measured per pot on all aboveground growth dried at 60 "C until dry.
CROP PRODUCTION
The experiment was arranged in a completely randomized design using 14 treatments and eight single pot replications. Data were analyzed using contrast procedures to determine differences between vermicompost concentrations within compost type. Comparisons between types of compost at each concentration were separated using Fischer's protected least significant difference (LSD) means separation test withP= 0.05 (StatisticalAnalysis Software, SAS Institute, Cary, N.C.).
Results and Discussion
Worm castings appeared to have higher macro and micronutrient content than the controls (Table 1) with the exception of Ca and Mg where Sunshinea Mix 1 had values greater than the casting from horse manure. The amount of each nutrient was proportionally reduced as the amount of peatmoss increased in the mixture for the three different castings evaluated (data not shown).
Within casting type, bulk density increased as the peat content decreased (Table 2) . Sheep castings had greater bulk density than cattle or horse castings. Both controls had lower bulk density than the substrates with castings. With increasing castings content, pore space decreased before increasing as casting content approached 100%. Sheep castings had the least pore space compared to the cattle and horse castings. Percentage of air space was greatest when casting content was least for all casting types. At 100% castings, sheep castings had less air space than cattle or horse castings. As casting content increased, water holding capacity increased. Sheep castings generally had greater water holding capacity than cattle or horse castings. The commercial substrate control had the least bulk density at 0.08 glcc with a pore space of 90% and water holding capacity of 61%. Percentage of air space in the commercial substrate was less than in the peat control. Sheep and cattle are ruminants and more completely digest cellulose than do horses. The large particles of undigested cellulose in the horse manure were difficult for the worms to eat and thus remained in the finished castings increasing the air space and decreasing water holding capacity, Sheep in the pasture will feed on shorter more tender grasses than cattle. It is likely the more tender grasses would digest more completely. When consumed by earthworms, the resulting castings were more dense and had greater bulk density than castings from cattle or horse. Values of total porosity and bulk density for peatmoss were similar to those reported by Fonteno (1993) .
Within each casting type and at each measurement date, leachate pH increased as the casting content increased (Table 3) . Castings are more basic than peatmoss and results from the basic nature of animal manure. When measured at week 2 , 4 , 6 , 8 , or 10, substrates with high castings content remained more basic than the peatmoss control. At loo%, castings from horse manure were consistently more acidic than those from cattle or sheep manure. The lower water holding capacity and greater undigested cellulose content of the castings from horse manure may contribute to the lower pH of the leachate. At 25% castings, there was no difference between the castings from cattle and horse manure, The pH of the Sunshine Mix l commercial substrate was similar to the 75% or 100% casting concentrations ranging from 6.1 at week 2 to 6.7 at week 10. 
'Means separation using least significant differences at P 6 0 05 within percentage of castings (n = 6) Ns ~ ** "*Nonsignificant or slgnlficant at P 6 0 05,O 01, or 0 001 
'Means separation using least significant differences at P 5 0.05 within percentage of castings (n = 8).
hi, * I*, *"" I Nonsignificant or significant at P S 0.05, 0.01, or 0.001. 
'Means separation using least significant differences at P 5 0.05 within percentage of castings (n = 8). The largest plants in sheep casting substrates were not associated with the lowest leachate pH at 10 weeks but the leachate pH was lower than 6.0 up until week 10. The combination of a low pH and greater nutrient content of sheep castings may have resulted in the greater observed growth. As was also observed by Edwards and Burrows (1988) , the substrates with castings had larger plants than the commercial control. Foliar area and plant dry weight followed a pattern similar to growth index where foliar area and dry weight increased then decreased as casting concentration increased (Table 6 ).
Greatest foliar area was on plants grown in 50% sheep or horse castings and 25% cattle castings. As with growth index, the greatest Table 5 . Growth index measured at 4 and 10 weeks after planting 'Miramar' chrysanthemum grown in vermicompost substrates. Plants were pinched 2 weeks after planting. Substrates were composed ofvermicompost (wormcastings)fromsheep, horse,orcattlemanureanda70peatmoss: 30perlite 
'Means separation using least significant differences at P 5 0 05 within percentage of castings (n = 8)
Nonsignificant or significant at P I O 05,O 01, or 0 001
CROP PRODUCTION Table 6 Total foliar area, number of flowers per pot, number of days to flowering, plant dry weight, and depth of substrate (less equals more shrinkage) were measured at harvest of 'Miramar' chrysanthemum grown in vermicompost substrates Substrates were composed of vermicompost (worm castings) from sheep, horse, or cattle manure and a 70 peatmoss 30 perlite mixture (v/v) Total foliar area (3268 cm'), number of flowers per pot (157), number of days to flowering ( 5 3 , plant dry weight (63 g), and depth of substrate (10 cm 0  1870a" 1870a 1870a  34a  34a 34a  82a  82a  82a  60a 60a  60a  10a 10a  10a  25  4102b 3365a 3354a  74b  67a 67a  188 b 169a 155a  52a 54b  53ab  10a 10a  10a  50  4264b 3223a 3385a  81 b  66a 65a  218b 173a 165a  52a 54b  56c  10a 10a  10a  75 2866b 2301 a 3152c 58b 49a 67c 160ab 142a 170b 52a 56b 55b 9 a 9 a 9 a 100 2425b 2109a 2294ab 48b 43a 55c 141 b 128a 154b 54a 56b 56b
'Means separation using least significant differences at P 5 0 05 within percentage of castings (n = 8) grown in vermicompost and was attributed to a proposed presence of hormones in the vermicompost (Edwards and Burrows, 1988) .
Substrate depth was measured at harvest to determine the amount of substrate shrinkage due to continued breakdown of the castings that may have occurred during plant growth. Depth remained constant at 10 cm until casting concentration reached 75% (Table 6 ). At 75% and loo%, substrate depth was reduced to 9 and 8 cm, respectively, for sheep, cattle, and horse castings. Within casting concentration, there was no difference between casting type for substrate depth. This indicated that unless used at concentrations >50%, minimal substrate shrinkage occurred. In addition, it is an indication that the castings, after one month of vermicomposting, are relatively stable and exhibit minimal further decay over a 10-week production cycle. When growing chrysanthemums in soilless substrates, the general pH recommendation is between 5.5 to 6.0 (Ball, 1998) . The 50% sheep casting substrate had pH values close to this range during the entire crop cycle. Also, during the first month after transplant, the 50% sheep casting substrate had the greatest EC and it has been shown that chrysanthemums require high amounts of N and K (Dole and Wilkins, 1999) . Plants grown in mixtures of 25% or 50% sheep castings generally had greater growth index, dry weight, foliar area, number of flowers, and fewer days to flower than plants grown in any other substrate. A constant liquid feed with a 250 to 400 mg,L-' balanced fertilizer formula is recommended when growing chrysanthemums in soilless media. High levels of N during the first 7 weeks of the growth cycle are imperative. Deficiencies during this time will reduce the flower quality without chance of recovering (Larson, 1992) . No further fertilization is required once the inflorescences reach a diameter of =1.25 cm as the nutrients required for the flowers during the last 3 weeks of the crop cycle will be translocated from the leaves (Larson, 1992) . Even though the crop received a constant liquid feed at 300 mg.L-' N, the additional nutrients provided from the sheep castings early in production proved beneficial and may have played an important role in the results. Handreck (1986) determined that vermicompost can be used successfully as a potting substrate for ornamental plant species since it provides nutrients required for at least a part of the plant cycle. The length of this time will depend on the plant species and on their nutritional requirement. Handreck (1 986) also pointed out that when castings are present in the potting substrate it eliminated the need for addition of microelements and phosphorus, but nitrogen needed to be supplied for optimal plant growth.
It cannot be concluded, however, that casting nutrient content alone played the determinant role for better chrysanthemum plant performance. Plants grown in any of the mixtures of castings and peatmoss outperformed those grown in 100% castings and the peatmoss : perlite control. Casting substrates performed as well or better than the commercial substrate for all parameters measured.
Growth of chrysanthemum was positively affected by the addition of vermicompost to the substrate. Vermicompost produced from sheep manure outperformed that produced from cattle or horse manures. Substrates using vermicompost should be formulated with no more than 25% to 50% castings. Plants grown in 50% sheep or 25% cattle or horse casting substrates were of good marketable quality and were of greater size with a greater number of flowers and flowered earlier than plants grown in either the peatmoss perlite or commercial substrate controls.
